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                    Abstract
Owing to the increasing problem of environmental pollution, there is an urgent need for catalytic materials that can completely decompose organic pollutants into environmentally friendly substances. However, the practical application of ZnWO4 photocatalyst is limited by its wide band gap and low quantum efficiency. ZnWO4 nano materials were synthesized via doping Bi3+ and Cu2+ to enhance their photocatalytic activity by hydrothermal method at 180 °C in this paper. Methylene blue (MB) as the target to degrade organic pollutants, the UV degradation ability of the system was investigated, and ZnWO4 nano-doped material with the best photocatalytic performance was obtained. The results show that the photodegradation efficiency of 3 mol% Bi-ZnWO4 reaches 99% within 120 min of UV irradiation, which is 1.3 times of that of pure ZnWO4; Cu-ZnWO4 has excellent photocatalytic properties, and the photodegradation efficiency of 3 mol% Cu-ZnWO4 reaches 99.4% after 90 min of UV irradiation. Cu2+ doping can adjust the band gap of ZnWO4, resulting in the redshift of its absorption edge.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    Access this article

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            Fig. 1[image: ]


Fig. 2[image: ]


Fig. 3[image: ]


Fig. 4[image: ]


Fig. 5[image: ]


Fig. 6[image: ]


Fig. 7[image: ]


Fig. 8[image: ]


Fig. 9[image: ]


Fig. 10[image: ]


Fig. 11[image: ]


Fig. 12[image: ]



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        A Review on Photocatalysis Used For Wastewater Treatment: Dye Degradation
                                        
                                    

                                    
                                        Article
                                        
                                         26 May 2023
                                    

                                

                                Harita Kumari, Sonia, … Rajesh Parmar

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Photocatalysis: an effective tool for photodegradation of dyes—a review
                                        
                                    

                                    
                                        Article
                                        
                                         14 September 2021
                                    

                                

                                Muhammad Saeed, Majid Muneer, … Nadia Akram

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Facile synthesis of MnO2/g-C3N4 for photocatalytic reduction of methylene blue dye under visible light
                                        
                                    

                                    
                                        Article
                                        
                                         04 March 2024
                                    

                                

                                Muhammad Abdullah, Saeed D. Alahmari, … Hafiz Muhammad Tahir Farid

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	R.G. Li, W.X. Yu, X. Zhou, X.L. Wang, R.F. Chong, H.X. Han, C. Li, Energ. Environ. Sci. 8, 2377–2382 (2015)
Article 
    CAS 
    
                    Google Scholar 
                

	G.C. Xie, K. Zhang, B.D. Guo, Q. Liu, L. Fang, J.R. Gong, Adv. Mater. 25, 3820–3839 (2013)
Article 
    CAS 
    
                    Google Scholar 
                

	S. Bagheri, A. Termehyousefi, Catal Sci. Technol. 2017, 20 (2017)

                    Google Scholar 
                

	W. Wu, X. Yin, B.Y. Dai, J.H. Kou, Y. Ni, C.H. Lu, Appl. Surf. Sci. 517, 146119 (2020)
Article 
    CAS 
    
                    Google Scholar 
                

	L.J. Li, J. Xu, B.Y. Su, Appl. Surf. Sci. 524, 1461 (2020)
Article 
    
                    Google Scholar 
                

	J. Schneider, M. Matsuoka, M. Takeuchi, J. Zhang, Y. Horiuchi, M. Anpo, D.W. Bahneman, Chem. Rev. 114, 9919–9986 (2014)
Article 
    CAS 
    
                    Google Scholar 
                

	Y. Ohko, I. Ando, C. Niwa, T. Tatsuma, T. Yamamura, T. Nakashima, Y. Kubota, A. Fujishima, Environ. Sci. Technol. 35, 2365–2368 (2001)
Article 
    CAS 
    
                    Google Scholar 
                

	K.K. Paul, P.K. Giri, J. Nanosci. Nanotechno. 19, 307–331 (2019)
Article 
    CAS 
    
                    Google Scholar 
                

	X.B. Chen, S.S. Mao, Chem. Rev. 107, 2891–2959 (2007)
Article 
    CAS 
    
                    Google Scholar 
                

	J.L. Liu, C.L. Zhang, B. Ma, T. Yang, X. Gu, X. Wang, J.S. Zhang, C.G. Hu, Nano Energ. 38, 271–280 (2017)
Article 
    
                    Google Scholar 
                

	C.L. Zhang, H. Hua, J.L. Liu, X.Y. Han, Q.P. Liu, Z.D. Wei, C.B. Shao, C.G. Hu, Nano-Micro Lett. 9, 49 (2017)
Article 
    
                    Google Scholar 
                

	C.L. Yu, J.C. Yu, Mater. Sci. Eng. B. 164, 16–22 (2009)
Article 
    CAS 
    
                    Google Scholar 
                

	D.Q. He, L.L. Wang, D.D. Xu, J.L. Zhai, D.G. Wang, T.F. Xie, A.C.S. Appl, Mater. Inter. 3, 3167–3171 (2011)
Article 
    CAS 
    
                    Google Scholar 
                

	Y. Keereeta, S. Thongtem, T. Thongtem, Powder Technol. 284, 85–94 (2015)
Article 
    CAS 
    
                    Google Scholar 
                

	H. Wu, H.L. Tan, C.Y. Toe, J. Scott, L.Z. Wang, R. Amal, Y.H. Ng, Photocatalytic and photoelectrochemical systems: similarities and differences. Adv. Mater. 32, 1904717 (2020)
Article 
    CAS 
    
                    Google Scholar 
                

	H. Wu, R. Irani, K.F. Zhang, L. Jing, H.X. Dai, H.Y. Chung, F.F. Abdi, Y.H. Ng, Unveiling carrier dynamics in periodic porous BiVO4 photocatalyst for enhanced solar water splitting. ACS Energy Lett. 6, 3400–3407 (2021)
Article 
    CAS 
    
                    Google Scholar 
                

	M.T. Li, T. Takei, Q. Zhu, B.-N. Kim, J.-G. Li, Inorg. Chem. 58, 9432–9442 (2019)
Article 
    CAS 
    
                    Google Scholar 
                

	H.B. Fu, J. Lin, L.W. Zhang, Y.F. Zhu, Appl. Catal. A. 306, 58–67 (2006)
Article 
    CAS 
    
                    Google Scholar 
                

	P. Siriwong, T. Thongtem, A. Phuruangrat, S. Thongtem, Cryst. Eng. Comm 13, 1564–1569 (2010)
Article 
    
                    Google Scholar 
                

	M.T. Li, Q. Zhu, J.G. Li, B.-N. Kim, Appl. Surf. Sci. 515, 146011 (2020)
Article 
    CAS 
    
                    Google Scholar 
                

	Y.G. Su, B.L. Zhu, K. Guan, S.S. Gao, L. Lv, C.F. Du, L.M. Peng, L.C. Hou, X.J. Wang, J. Phys. Chem. C. 116, 18508–18517 (2012)
Article 
    CAS 
    
                    Google Scholar 
                

	M.T. Li, Q.H. Meng, S.Y. Li, L. Fan, Q. Zhu, B.-N. Kim, J.-G. Li, Ceram. Int. 4, 10746–10755 (2019)
Article 
    
                    Google Scholar 
                

	D.W. Kim, I.S. Cho, S.S. Shin, S.W. Lee, T.H. Noh, D.H. Kim, H.S. Jung, K.S. Hong, J. Solid State Chem. 184, 2103–2107 (2011)
Article 
    CAS 
    
                    Google Scholar 
                

	G.L. Huang, Y.F. Zhu, J. Phys. Chem. C. 111, 11952–11958 (2007)
Article 
    CAS 
    
                    Google Scholar 
                

	S.H. Yu, B. Liu, M.S. Mo, J.H. Huang, X.M. Liu, Y.T. Qian, Adv. Funct. Mater. 13, 639–647 (2003)
Article 
    CAS 
    
                    Google Scholar 
                

	Y.M. Pan, W. Zhang, Z.F. Hu, Z.Y. Feng, L. Ma, D.P. Xiong, P.J. Hu, Y.H. Wang, H.Y. Wu, L. Luo, J. Lumin. 206, 267–272 (2019)
Article 
    CAS 
    
                    Google Scholar 
                

	A. Phuruangrat, P. Dumrongrojthanath, T. Thongtem, S. Thongtem, J. Ceram. Soc. JPN. 125, 62–64 (2017)
Article 
    CAS 
    
                    Google Scholar 
                

	T.D. Savic, I.L. Validzic, T.B. Novaković, Z.M. Vukovic, M.I. Comor, J. Cluster Sci. 24, 679–688 (2013)
Article 
    CAS 
    
                    Google Scholar 
                

	S.H. Chen, B.X. Wang, X.H. Qiu, Z.S. Xiong, Adv. Mater. Res. 621, 172–177 (2012)
Article 
    
                    Google Scholar 
                

	Y.A. Sethi, C.S. Praveen, R.P. Panmand, Catal. Sci. Technol. 8, 2909–2919 (2018)
Article 
    CAS 
    
                    Google Scholar 
                

	W. Yan, X.C. Liu, S. Hou, X. Wang, Catal Sci. Technol. 9, 1141–1153 (2019)
Article 
    CAS 
    
                    Google Scholar 
                

	Y. Porter-Chapman, E. Bourret-Courchesne, S.E. Derenzo, J. Lumin. 128, 87–91 (2008)
Article 
    CAS 
    
                    Google Scholar 
                

	X.Q. Zeng, S.J. Im, S.H. Jang, Y.M. Kim, H.B. Park, S.H. Son, H. Hatanaka, G.Y. Kim, S.G. Kim, J. Lumin. 121, 1–6 (2006)
Article 
    CAS 
    
                    Google Scholar 
                

	L.L. Wang, Z.F. Lv, W.K. Kang, X.Y. Shangguan, J.S. Shi, Z.H. Hao, Appl. Phys. Lett. 102, 49–56 (2013)

                    Google Scholar 
                

	X.M. Liu, J. Lin, J. Lumin. 122, 700–703 (2007)
Article 
    
                    Google Scholar 
                

	B. Zhou, Z.G. Liu, H.X. Wang, Y.Q. Yang, W.H. Su, Catal. Lett. 132, 75–80 (2009)
Article 
    CAS 
    
                    Google Scholar 
                

	Q. Xiao, Z. Si, Z. Yu, G. Qiu, Mater. Sci. Eng. B. 137, 189–194 (2007)
Article 
    CAS 
    
                    Google Scholar 
                

	L. Liu, Y.H. Qi, J.S. Hu, Y.H. Liang, W.Q. Cui, Appl. Surf. Sci. 351, 1146–1154 (2015)
Article 
    CAS 
    
                    Google Scholar 
                

	P. Pongwan, K. Wetchakun, S. Phanichphant, N. Wetchakun, Res. Chem. Intermed. 42, 2815–2830 (2015)
Article 
    
                    Google Scholar 
                

	K.-H. Ye, Z.S. Chai, J.W. Gu, X. Yu, C.X. Zhao, Y.M. Zhang, W.J. Mai, Nano Energ. 18, 222–231 (2015)
Article 
    CAS 
    
                    Google Scholar 
                

	X. Li, Y. Liu, H.Y. Bai, C.X. Li, B.D. Mao, L. Sun, W.D. Shi, J. Colloid Interface Sci. 531, 64–73 (2018)
Article 
    
                    Google Scholar 
                

	D.P. Dutta, P. Raval, J. Photoch. Photobio. A. 357, 193–200 (2018)
Article 
    CAS 
    
                    Google Scholar 
                


Download references




Acknowledgements
The work was supported by Natural Science Foundation of China (51602252) and National Key Basic Research and Development Project Subproject (2017YFC0703204).


Author information
Authors and Affiliations
	Department of Materials Science and Engineering, Xi’an University of Science and Technology, Xi’an, 710054, People’s Republic of China
Kai Zhang, Xiangchun Liu, Shan Hou, Li Qiang, Qi Wu & Zhe Yang


Authors	Kai ZhangView author publications
You can also search for this author in
                        PubMed Google Scholar



	Xiangchun LiuView author publications
You can also search for this author in
                        PubMed Google Scholar



	Shan HouView author publications
You can also search for this author in
                        PubMed Google Scholar



	Li QiangView author publications
You can also search for this author in
                        PubMed Google Scholar



	Qi WuView author publications
You can also search for this author in
                        PubMed Google Scholar



	Zhe YangView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Xiangchun Liu.


Additional information
Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Zhang, K., Liu, X., Hou, S. et al. Performance optimization of Bi3+ and Cu2+ -doped ZnWO4 photocatalytic materials.
                    J Mater Sci: Mater Electron 33, 406–415 (2022). https://doi.org/10.1007/s10854-021-07310-6
Download citation
	Received: 06 August 2021

	Accepted: 27 October 2021

	Published: 10 November 2021

	Issue Date: January 2022

	DOI: https://doi.org/10.1007/s10854-021-07310-6


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        









                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					54.175.48.75
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    